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IN'lRODUC TION 
Wheat is one of the most valuable of economic plants and is 
groffll extensively throughout the world. Because of the mique chemical 
and physical properties of its gluten, 'Wheat is superior to all other 
cereals for bread making. Its high s tarch content provides a tre-
mendous source of energy as a food, as well as filling certain indus-
trial starch needs, esrecially in textil e manufacturing . 
The use of wheat for starch production dates back to ancient 
times. According to Eynon and Lane (8) , wheat was practically the 
only raw material used for the manufacture of s t arch from primitive 
times until the latter part of t he eighteenth century. 
In view of the importance of wheat and the great age of the 
wheat starch industry, it is surpr i s ing, i ndeed, that so little is 
known concerning the physical and chemical properties of wheat 
starches. Knowledge of such characteristics is not only of academic 
interest, but is of great value indust rially. It was, therefore, the 
purpose of the present work to investigate the physical and chemical 
properties of wheat starches prepared at successive stages during the 
growth and maturation of t he grain. Possible correlations between age 
of starch-bearing plant, starch granule size and paste viscosity were 
regarded to be of particular inter est. 
To appreci ate the practical value of the present study, one bas 
only to consider briefly the vastness of the starch industry in gen-
eral,, and with special regar d to the economic impact of the war . 
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Approxinately 2,800 million pounds of starch are used annually 
in the United States, of which only about 590 million pounds, or 14 
percent, are imported. Of the above total amount, about 1,650 million 
pounds, or 59 percent, are modified to sugar, sirup, dextrines, etc., 
while 1,150 million pounds, or 41 percent, are sold as starch (20)1. 
Starch is valuable industrially because of the characteristic 
viscosity, adhesiveness and gel strength of its paste. In the textile 
industry, starch is used to stiffen and smooth the warp threads for 
weaving, and to finish cloth for the market. The paper manufacturer 
produces a glossy paper by direct surface application of starch, or a 
hard smooth paper by introduction of starch into the pulp. Laundry 
uses are well known. Adhesive properties of starch make it useful in 
the manufacture of plywood, in bill board posting and as a binder for 
making fuel briquets (20). 
When starch is comerted to dextrines, various types of ad-
hesives are obtained which are useful on postage stamps, envelopes, 
gummed paper and in the textile industry. 
Sirup and sugar are used principally in the manufacture of con-
fections, pastries and pharmaceuticals. 
Ordinarily, more than 98 percent of all starch produced in the 
United States is produced from corn. As a result of present war 
measures, however, which affect grain production and distribution, 
comparatively little corn is appearing on the cash market. Because of 
this, it is now difficult and may soon become impcssible for the 
1. Based on averages for 1957, 1938 and 1959. 
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starch manufacturers to obtain enough corn for starch production. With 
the major source of starch thus limited and with foreign imports vir-
tually cut off, starch manufacturers may have to replace or supplement 
corn with wheat and other small grains. Yu th possible shortages of 
starch, full utilization of all starch sources is important. In sea-
sons, therefore, when early frosts, starms, certain plant diseases, 
insects, or other causes prevent maturation and normal harvest of grain, 
some information concerning recovery and use of the starch would be 
valuable. 
The present study on properties of immature and mature wheat 
starches should be of inestimable worth for evaluation of damaged 
wheats for starch production, as well as for yielding fundamental in-
formation which may facilitate the use of normal mature wheats . 
REVIEW OF THE LITERATURE 
Pollination and First Appearance of Starch 
Percival (10) described the wheat flower as being self-
pollinated. According to him, 'When the stigma became receptive, the 
flower opened and the anthers were extruded, simultaneously dissemi-
nating the pollen. .A.fter dehiscence, the flower again closed, the 
whole procedure of opening and closing requiring only about 20 minutes. 
The middle third of the spike came into bloom first; however, the 
whole head normally had completely flONered within 5 to 5 days . 
Fertilization took place within 30 to 40 hours after pollination. 
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This corroborated earlier work by Brenchley ( 9) in which it was stated 
that fertilization usually occurred 1 to 2 days following pollination. 
Ten days after pollination, Brenchley observed tiny starch 
granules in wheat endosperm tissoos, while Percival (10) described the 
first appearance of starch in this region as being 10 to 14 days after 
pollination. In the case of barley, Brenchley (11) was able to discern 
starch granules in the endosperm 6 days after pollination. 
Lampe (16) found th.at starch granules appeared in corn endo-
sperm about 10 days after fla.vering. 
In a further description of the development of the endosperm 
and storage reserves, Brenchley (9) observed that by the eleventh day 
the endosperm tissue of the wheat kernel was completely formed and at 
12 days considerable protein matter was present. In the next 3 to 4 
days, "infilling" of reserve material was said to make rapid strides 
and by 5 weeks, storage was considered as practically complete. The 
statement was made that reserve nitrogenous material entered the endo-
sperm simultaneously with the starch. 
Size and Shape of Starch Granules 
In discussing starch granules in general, Reichert (18) observed 
that granules at their 11earliest period of fonna tion are spherical and 
homogeneous and during growth tend to develop hila and lamellae and 
undergo changes in form.'' 
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Teller (17) asserted that the interior of the young starch gran-
ules was at first "amorphous, later becoming organized into segments. n 
By examining seeds of 'Wheat, barley, rye and spelt shortly after blos-
soming and later, Teller noted, at first, very minute starch granules, 
then larger crescent-shaped granules. From the :inner side of many of 
these a projection was seen. Gradually, there were larger granules and 
the "crescent became filled much as the moon fills during the second 
quarter." 
Working with bean starch, Wieler (19) observed an increase in 
granule size and a change of shape as the beans matured. 
Granule size changes in cornstarch were measured by Lampe (16) 
as the season progressed. Granule diameter increased steadily from 
1.5 microns at 10.5 days after pollination, to 18.2 microns at 30 days. 
While there was no appreciable change in size after 30 days, there was 
a change in shape. Granules tightly :pa.eked in the horny region of the 
endosperm, became angular, while those in the loosely packed floury 
portion retained a spherical shape. 
Evans (25) publi::hed photomicrographs danonstrating the change 
in granule size of cornstarch with maturity. A gradual increase in 
size is apparent mitil a maximum is reached about 29 days after polli-
nation . He also mentioned the appearance of polygonal granules in the 
horey endosperm and suggested that pressure of the growing granules 
against one another probably caused the cl:ange in shape. This latter 
statement fits in well with Reichert•s beliefs (18). He asserted that 
the farm of the granules is determined by starch-producing structures 
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and incidental conditions, such, for example, as the presence of protein 
and other crystalline structures within the starch-formers, and to some 
extent, in certain plants by the mutual pressure of granules in contact. 
Theories on Granule Structure 
According to Sponsler (15), writing in 1922, "during the J:B,st 
two centuries fully five hundred investigators have worked with starch, 
and yet there are only a few points which seem to be at all well estab-
lished." :Most of the ideas concerning granule fonnation may be included 
under two general schools of thought, the theories of growth by intus-
susception and growth by apposition. 
Growth by intussusception was hypothecated by Nigeli, in 1858 (36). 
According to this theory, the outer layers of the granule were supposed 
to be formed first, the inner layers being built up centripetally as 
more growth material seeped into the interior of the granules through 
minute radial canals. The layers or lamellae were considered by 
N!geli to be nade up of minute particles, or crystalline "micellaen (37) . 
Growth by apposition implies a centrifugal build-up of the 
layers of the granules, that is, layers are added to the outside o.f 
the granule; hence, the inside of the granule would have to be oldest 
in contrast to the intussusception theory. According to Reichert (18), 
Arthur Meyer was one of the chief proponm ts of this theory. 
Meyer (35) believed that the starch granule was a spherocrystal-a 
globular body composed of radially arranged needle-like crystals. 
7 
Reichert himself branded the intussusception theory as being 
"absolutely untenable", and accepted growth by apposition as being 
"entirely consistent with our knowledge of the structure and growth of 
other crystalline structures and with the peculiarities of ihe starch 
grain and the phenomena. observed in the starch-producing structures. n 
He, too, believed starch granules are spherocrystals. 
As a result of X-ray studies, Sponsler (15) found "that there 
is within limits, a regular and fairly uniform arrangement of atoms in 
the starch grain." This regularity, however, disappeared when the 
granule was crushed, while cane sugar retained its regularity even when 
pulverized. This phenomenonled Sponsler to the further conclusion that 
the regularity of starch was not that of crystalline structure. These 
statements, as Sponsler suggested, opposed the spherocrystal theory of 
Schimper (54), and Meyer (55), but favored the assumption by Kabsch (50) 
that granules have a "physical uniformity which, however, is not suf-
ficiently regular to assign crystallographic axes to them.'* 
Sponsler (15) added that "it may be that, instead of r lanes such as 
are found in crystals, the regularity takes the form of curved layers.n 
Strikingly different views were advanced by Teller (17) in re-
gard to the mechanism of fonn.ation of the starch granule. In observ-
ing starch granules from young growing potatoes, he claimed that a 
thin amorphous haze which stained blue with dilute iodine solution, 
gradually became mare densely aggregated until firally a coating farmed 
about the completed granule. Occasionally the granules were enlarged 
by deposits of starch substance at one or more points on the surface. 
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The coating was then extended to cover this and the whole pa.rt became 
part of the enlarged granule. He further indicated that a similar pro-
cess may be seen in developing wheat grains. 
His conclusions, however, appear unsound when one examines the 
photomicrographs upon which he based the above hypothesis. These pic-
tures show potato starch granules in typical states of degradation, 
disintegration and swelling which he apparentJ.y mistook for building-up 
processes. 
Various workers have employed stains to bring out decisive 
points regarding granule structure or formation. Typical of this work 
is that of Young (14) who stained young starch granules with Flemming's 
triple stain as they were developing in the leucoplasts of Phaseolus 
vulgaris. Young growing granules were observed to be "composed of 
distinct alternating layers of dark and light violet-staining-material" 
surrounded by a light orange-staining layer, "similar to that desig-
nated by Denniston" (24) ttas the transitional zone lying between the 
starch grain and the plastid material. 0 Young r iggested that the 
transitional layer is composed of material which has a chenical compo-
sition intennediate between soluble carboh~rates and starch. 
Badenhuizen (15) repeated portions of the work of Young and 
Denniston and found tm t by varying staining time for the three stains 
in Flemming's triple stain, he could vary the width of the stained 
layers in the granules. Obviously, therefore, the corelusions of the 
latter authors were q uesti ona ble if not completely erroneous, since 
they were based upon observations of artifacts. Badenhuizen•s work 
clearly showed the fallacy of using multiple stains for such studies. 
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Growth, according to Badenhu.izen, can be explained only by appo-
sition. He believed the starch granule to be rre.de up of short and long 
hydrocarbon chains. When these chains reach a certain length they are 
thought to precipitate by dehydration in the fonn. of a layer. Long 
chains being less soluble, precipitate more quickly than do the short 
chains. The molecules arrange themselves 11radially into a little 
sphere leaving a diminutive space in the center, the origin of the 
hilum.u The chains are connected by lateral attraction of hydroxyl 
groups, forming a network the details of which vary under different 
conditions, "intermolecular spaces arising or disappearing.n He sug-
gested that the ttrefringent parts of the ]ayers consist of long mole-
cuJ.es, the non-resistant lamellae being constituted by shorter chains. 11 
Badenhu.izen asserted that preformed cubic elements do not exist. 
In the course of his studies, Badenhu.izen examined starch in 
the epidennal cells of bulbs of Narcissus tazetta. He found that 
starch granules stained the characteristic blue-black color with 
iodine as soon as they were visible in the chor ~riosomes. This, he 
pointed out, failed to confirm observations by Maige ( 52), and others, 
who have said that the young granules stain red at first, later color-
ing blue. 
Badenhu.izen, however, was unable to detect any evidence of bire-
fringence when the same young granules were observed between crossed 
nicol prisms of a polarizing microscope. He suggested that the 
granules were perhaps too minute, s:ince, they were less than three 
microns in dianeter. In line with these observations, Lampe (lp) 
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reported that cornstarch granules did not show the characteris tic cross 
until the moisture content was lowered either artificially or in the 
natural process of kernel maturation. 
On the other hand, Evans (25) studied cornstarch granule changes 
as the season progressed and was able to observe well-defined crosses 
for all samples. 
Young (14}, studying very young granules in the leucoplasts of 
Phaseolus vu.lgaris, was also able to ooserve birefringence., as well as 
a blue coloration with iodine. 
Starch Paste Viscosity 
Differences between viscosities of starch pastes from winter 
and spring wheats were reported by Rask and Alsberg (4). Pastes of 
the winter wheat starch had the higher viscosity. "High starch vis-
cosity was observed to be associated with two ar- more of the following 
conditions in the case of each flour: (1) low loaf volume, (2) low pro-
tein content, and (5) high temperature of locali ty of growth." Low 
viscosity was similarly associated with the opposite coniitions. 
Alsberg (51) reiterated that the viscosity of wheat starch 
varies with the kind of wheat. He cited the work of Buchanan and 
Nauda.in (7) as a possible explanation of the differences. These auth-
ors (7) reported differences in granule size for various kin:is of 
wheat starches. Ireidentally, these two workers found that greater 
loaf volume was attained by baking flours having the highest percentage 
of small granules. 
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Furry (5) quoted Sprockhoff and Parlow (53) as finding that 
small potato starch granules have a higher viscosity than large gran-
ules. H0wever, Furry suggested that disintegration of the larger gran-
ules during pasting might account for the lower viscosity. 
Furry believed that the number and size of swollen granules in 
a paste greatly influence the viscosity of that paste. She pointed 
out that in sizing of textiles, small swollen granules penetrate the 
yarns well, but coat the surface poorly while large swollen granules 
act in a reverse manner. lh'heat starch, however, containing both large 
and small granule size extremes is a good penetrating as well as coat-
ing agent. 
A somewhat different approach was made by Samec (27) who stated 
that "viscosity of a starch solution always depends upon the relative 
quantity of amylopectin present in the starch. ll 
Mangels, (2), on the other hand, said that an inverse relation-
ship exists between phosphorus content and viscosity. 
In direct contradiction, Richardson and nigginbotham ( 26) stated 
that swelling of 'Wheat starch fractions is indepen:lent of phosphorus 
content, and Badenhuizen (15) stated that 11the role of phosphorus is 
still very uncertain and probably not important." 
Phosphorus and Nitrogen in starch 
Phosphates in starch, according to Reichert (18) 
••• have attracted special attention because of their giving, 
it is believed, an acid reaction to certain kinds of starches; 
because of their assumed effect upon the rapidity of the de-
co~position of starches by enzymes, and finally, because of 
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significant different percentages in starches from dif-
ferent sources and in different grains and parts of the 
same grain. 
He mentioned the work of Fernbach (29) on pot.a.to starch wherein small 
granules were said to have a higher percentage of phosphorus than 
large. He explained the difference by regarding the small granules 
as being young and suggesting that the large or mature granules con-
sist of nuclei relatively rich in phosphorus, which become covered 
with phosphorus-free layers, during growth of the granules. 
Evans and Briggs (22), on the other hand, found that phos-
phorus content of cornstarch rose from 0.012 percent at 15 days 
after silking, to 0.018 percent at 29 days, while Evans (25) observed 
a great increase in granule size during the same period. 
Stamberg and Bailey (6), separated large wheat starch granules 
from the snail ones and analyzed the two fractions for phosphorus. 
Both fractions contained about the same relative amounts of phosphorus. 
They also determined phosphorus in amylose and amylopectin, (prepared 
by electrodialysis), from small and large granu~3 fractions. Rela-
tive proportions in large and small granules were the same. Almost 
all of the phosphorus of the starch appeared in the amylopectin in 
each case, only a trace being found in the a.mylose. 
According to Samec (25} the outermost portions of the granules 
of Vllheat and corn starch are richest in both nitrogen and J,ilosphorus. 
Posternak (5) stated that 0no species of starch has been found 
to be completely free of phosphorus." He says that in general the 
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root starches contain phosphorus m the fonn of a phosphoric acid ester 
of a glucose residue, while in cereal starches, it is present as phos-
phatides and is not directly linked to the polysacchari.de. Phosphorus 
content of wheat starch was found by Mangels (2) to vary from year to 
year. Nitrogen, on the other hand, did not change significantly. The 
change in phosphorus was thought to be caused by seasonal conditions, 
while nitrogen content was suggested as being due, at least in part, 
to contamination by wheat gluten. 
From the foregoing discussion, it is evident that the views 
concerning the growth and composition of starch granules are still con-
troversial despite the comparatively extensive work which has been 
carried on to elucidate them. No definite knowledge is available con-
cerning actual changes in phosphorus and nitrogen contents of wheat 
starch granules during the growing season. It is equally uncertain 
whether paste viscosity, of major importance from the industrial view-
point, may change with increasing maturity of the starch granule, 
either with or without a concurrent change in .,.,hosphorus content. 
EXPERIMENTAL MATERIALS 
Choice of Wheat Varieties 
Three types of wheat are commonly grown in the region about 
Peoria, Illinois, where toose studies were made: soft red winter, 
hard red winter and hard red spring wheats. Therefore, one represen-
tative variety was chosen from each of these three commercial classes, 
as a source of starch for the present studies. 
Varieties chcsen were: 
(1) Thorne, a soft red ldnter wheat, 
(2) Iowin, a hard red winter wheat, and 
(5) Pilot 15, a hard red spring wheat. 
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Thorne was selected because it is a good quality soft wheat and 
is widely grown in this region; Iowin, a selection from a Turkey type 
wheat, because it is representative of the hard wheat grown in this 
area; and Pilot 13, because it is a good quality hard red spring wheat 
and is rust resistant. Rust resistance was believed to be desirable 
since spring wheats grown in this region are late maturing and hence 
likely to be affected by rust. 
Conditions of Growth 
Thorne and Iowin were grown about eight miles north of Peoria, 
near Mossville, on brown fine sandy loam soil. The field was level and 
on the upper terrace of the Illinois river valley. Plantings we:i:e made 
-with a six-inch grain drill. Excellent stands, rank growth and good 
grain yields were obtained. 
There was some lcxiging in the case of the ICY"in wheat, but sam-
ples were selected from plants which were erect or only slightly lodged. 
Pilot 13 was grown four miles west of Peoria, on level, upland 
prairie brown silt loam. Planting was done by hand in rows 12 inches 
apart. Growth was rank., but there was no lodging of plants. About 
50 percent of the heads were damaged by Fusarium blight (Scab). Care 
was taken to avoid diseased heads during sampling. 
Table I shows the daily sunshine hours, precipitation, and 
maximum and minimum temperatures for the growing season April 1 to 
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Table I (Continued ) 
Actual Maximtun Minimum 
Sunshine Precipitation Temperature Temperature 
Date Hours in inches o F . ) o F • ) 
April 26 2.6 .18 67 56 
27 6.6 . 05 80 52 
28 12.2 75 52 
29 15.9 89 65 
50 13.9 87 65 
May 1 8.8 . 08 82 60 
2 ll.2 .58 80 55 
5 5.1 .02 64 42 
4 10.4 59 40 
5 9.2 . 87 62 45 
6 2.5 . 09 60 45 
7 o.o T 54 42 
8 14.2 69 47 
9 ll.9 .09 76 49 
10 12.8 .01 72 47 
11 5.0 . 26 75 58 
12 8.5 T 79 60 
15 10.5 T 82 65 
14 15.4 66 50 
15 o.o . 87 50 40 
16 12.6 66 58 
17 9.6 .34 7'i' 57 
18 7.5 .ll 70 51 
19 8.5 66 46 
20 7.7 T 64 47 
21 9.6 66 45 
22 10.1 68 44 
25 15.9 72 46 
24 14.8 77 44 
25 12.5 79 50 
26 2.5 .16 70 59 
27 9.8 80 55 
28 9.5 89 66 
29 14. 9 T 95 71 
50 13.0 T 92 70 
51 9.6 89 70 
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Table I (Continued) 
Actual Maximum Minimum 
Sunshine Precipitation Temperature Temperature 
Date Hours in inches o F •) o F.} 
June 1 12.7 90 66 
2 ll.6 92 69 
5 9.6 .56 92 67 
4 14.5 T 94 69 
5 7.8 1.55 96 68 
6 9.5 .10 87 67 
7 5.6 .55 80 64 
8 0.1 T 72 62 
9 7.8 .07 89 66 
10 6.7 .01 81 70 
11 5.0 .28 85 69 
12 7.6 84 65 
15 o.o .15 65 49 
14 15.1 68 45 
15 6.1 T 67 44 
16 7.6 71 55 
17 10.6 .01 77 57 
18 2.8 78 65 
19 7.4 .10 84 65 
20 s.o .42 85 67 
21 9.5 80 66 
22 12.6 .01 r,7 57 
25 15.1 71 55 
24 15.1 80 50 
25 0.6 1.46 64 60 
26 5.1 .01 77 60 
27 12.9 87 65 
28 15.1 92 75 
29 15.5 92 75 
50 15.1 85 67 
July 1 13.5 81 58 
2 15.1 78 51 
5 7.1 .67 81 62 
4 ll.2 .07 82 58 
5 9.5 .20 84 65 
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Table I (Continued) 
Actual Maximum Minimum 
Sunshine Precipitation Temperature Temperature 
Date Hours in inches o F •) o F •) 
July 6 10.0 1.80 77 57 
7 13.0 .Bl 80 52 
8 9.3 .05 85 66 
9 5.2 .05 84 64 
10 11.9 .04 86 67 
11 14.9 93 70 
12 5.9 T 84 71 
13 9.0 .22 95 71 
14 7.7 .02 83 69 
15 9.9 .59 85 67 
Harvesting 
As has been mentioned (10), self-pollination is the rule with 
wheat, hence by daily observation one can determine fairly closely the 
date of pollination. :Then the stigma becomes receptive, the glumes 
open and the anthers are extru:ied, pollen being simultaneously liber-
ated. Therefore, at the time of this visible extrusion, a colored 
string was ti. ed armmd the stem of the plant jur below the spike. 
Different colored strings were used as plants pollinated on subsequent 
days. Thus the color of the string readily denoted the day of pollina-
tion. 
Samples of grain were collected at 2-7 day intervals throughout 
the growing season and until 25 days after maturity of the plant. 
Material was gathered at 7:00 a. m., brought into the laboratory and 
placed in the refrigerator to await processing which was started at, 
or before 8:00 a.m. Each sample was made up of 500 hand-picked heads, 
or spikes. 
19 
From the bundle of 300 spikes in the refrigerator, 50 heads were 
removed, severed at the base of the rachis to remove the straw, and 
weighed on a trip balance, in three groups of ten spikes each. Sterile 
or dwarfed spikelets were then removed and weighings repeated as be-
fore to obtain some idea as to the weight percentage of normal spikelets. 
Subsequently, the caryopses were removed in like manner from 
the renaining 270 heads. Care was taken to avoid noticeably dwarfed or 
abnormal spikelets. 
Sime several hours were sometimes required to remove the cary-
opses from the spikelets, the grains were dropped into iced, distilled 
water to retard possible enzymatic changes. A few kernels were bottled 
in 50 percent alcohol to await sectioning studies. 
Near the season 1 s end, when the wheat began to ripen, it was 
possible to thresh the grain from the heads, by rubbing in the palms 
of the hands, or by machine. However, in such cases, the dwarfed 
spikelets were removed and discarded before threshing. 
Separation and Drying of Starch 
Because of changes in the grain as the season progressed, it 
was necessary to make minor alterations in the extraction procedure 
to fit special cases. 
The method used for extraction of starch from wheat collected 
2 to 20 days after pollination was as follows: caryopses from 300 
spikes were ground twice through a Russwin No. 2 handmill using a 
nut-butter cutter. The ground material was susperrled in cold distilled 
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water, and bolted through No. 15 standard silk, 129 me sh, int o an 
enamelled pan. Passage through the silk was f acilitated by stirring 
and working the suspension gently with a wocxien spoon. Starch, chloro-
phyll (from the green grain), protein and s ome f oreign matter :p9.ssed 
through the silk, mile coarse parti cles such a s bran and germ remained 
upon it. This coo.rse materi al wa s resuspemed in cold distilled water 
and bolted several times, or until the extraction liquor was no longer 
starchy. The coarse matter on the silk was then discarded . 
The extraction liquor, amounting to sever al liters in volume, 
was centrifuged in a cup centrifuge, the clear supernatant liquid 
being decanted and discarded. After resuspension in cold di stilled 
water, the starch residue was centrifuged 5 to 10 minutes at 1500 r . p .m. 
A white layer of starch settled to the bottom of the tube leaving 
chlorophyll, protein and traces of small starch granules layered on 
top of the ~tarch • .As before, the supernatant liquor was discarded and 
the surface, or so-called "gl uten" layer removed by means of a spatula 
and set aside to be refined later. 
Resuspension of the starch with centrifuging and removal of t he 
surface layer was continued until only a pure white starch cake remained. 
In some instances, large quantities of the chlorophyll remained 
with the starch during centrifuging and could not be separated. In 
such cases, the material was suspended in a small amount of water and 
separation effected by pouring the suspens ion carefully into a column 
of liquid, such as a two liter graduat ed cylinder three- fourths full of 
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distilled water. Chlorophyll and gluten settled to the bottom of the 
column rather quickly and the starch, still in suspension, was decanted 
and centrifuged. The 11 gluten" layers mentioned before, were refined 
in this manner. Even this sedimentation process, however, was not com-
pletely effective in all cases, hence some of the starches remained 
slightly contaminated with chlorophyll and appeared green in color. 
Starch from grain collected 24 or mare days after pollination 
was extracted by slightly moistening and molding the twice-grotll'ld grain 
into a ball, allowing it to stand an hour to hydrate the gluten, and 
then kneading the ball in water to extract the starch. Handling of 
the ball was facilitated by enclosing it in a double layer of cheese-
cloth. 
Grain collected at maturity ( 32 days after pollim. tion), or 
later, was softened for grinding by steeping 24 hours in cold (about 
5° c.) water. 
ill starches were air-dried at room temperature by placing the 
starch cake, after centrifuging, on watch gl sses in a relatively 
dust-free room. The starches were broken up and stirred occasionally 
by means of a spatula to facilitate drying and to prevent drying in 
large lumps. After about four days the starches were usually dry and 
were then bottled, weighed and labelled. 
General Properties of Prepared Starches 
All the prepared starches had good color, odor and flavor, ex-
cept those extracted from Thorne, 2, s, and 10 days after pollination; 
and Iowin, 10 and 12 days after. 
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The excepted samples were light grayish brovm, and had a faint 
stale odor and flavor. This appeared to be due to contamination of 
the starch with chlorophyll from the green grain. 
All samples were relatively free from any visible type of gran-
ule injury. The tainted samples mentioned above, had small amounts 
of cell debris and chlorophyll as impurities. The other samples were 
all reasonably pure. 
Ster a period of nine months, the starches still had the same 
general properties listed above. 
Sampling Data and Starch Yields 
Data gathered at the time of sampling of the grain and prepara-
tion of the starch, are shown in Table II. The two winter wheats, as 
might be expected, matured six days before the spring wheat. It was 
decided to call the grain mature when it had reached the stage when it 
would normally be harvested by a header. At this stage the grain was 
just ripe. Three more samples were collected a_ter this to check any 
appreciable changes due to respiration or tra.nslocation. 
The date of collection was recorded to allow easy comparison 
with weather data as well as better to define the growing season. It 
should be remembered that the number of days between collection dates 
in the table will not be spaced the sa111e as the corresponding days 
after pollination because the wheat was not all pollinated the same day. 
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Table II 
Schedule of sampling data recorded during preparation 
of samples and yields of starch recovered from wheat grain at 
different stages of development and maturation 
Wt. 300 Spikes Wt. Normal Wt , Starch 
.After Removal Grain from Recovered 
Days After Date wt. 500 of Dwarf 500 Spikes from 500 
Variety Sta~e Pollination Collected Spikes s;eikelets SEikes 
Thorne 2 5/28/42 195 g. 160 g. 29 g. 1.5 g. 
8 6/5 548 282 158 15. 5 
10 6/5 514 259 165 20.8 
12 6/8 276 241 161 24.8 
Soft Early Dough 16 6/ll 495 445 505 58.4 
Red Soft " 20 6/16 450 575 266 75.6 
Winter Hard II 25 6/22 500 256 88.4 
Wheat Ripe 52 6/29 567 525 255 ll4.2 
41 7/7 558 542 277 107.0 
48 7/14 506 281 229 108,9 
55 7/21 521 298 244 109,2 
Iowin 10 6/9 579 519 152 ll.5 
12 6/10 475 577 189 22,5 
Hard Early Dough 16 6/15 419 545 186 26.1 
P.ee1 Hard 11 24 6/25 572 520 226 72.5 
V[inter Ripe 52 7/1 551 257 200 82 .1 
,heat 41 7/10 504 282 212 75.7 
48 7/16 277 241 180 84.8 
55 7/25 277 255 194 97 . 4 
Pilot 15 late milk 16 6/25 610 518 259 25 . 5 
" 11 20 6/50 585 510 282 51.5 Hard Medium Dough 24 7/5 724 635 536 66.7 
Red 281 7/7 768 656 366 84. 0 
Spring Hard Dough 52 7/14 568 517 284 65. 5 
Wheat Ripe 58 7/20 399 367 256 95.S 
46 7/28 378 559 257 96. 7 
55 8/4 324 302 208 85 . 5 
60 8/11 542 318 220 105. 2 
1. Fifty percent blight damage. 
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Weights of spikes, spikes with dwarf spikelets removed and nor-
mal grain from spikes, constituted basic data which were recorded to 
obtain rough estimates of normal grain yields. There was an increase 
in weights at first followed by a gradual tapering off. 
It should be emphasized that the starch yields in the last 
column do not represent the total amount of starch present in the ker-
nel, but rather the amount that was recovered when the starch was ex-
tracted by water, and under the conditions described in the section on 
methods. The yields might have been higher had a chemical steep, as 
used in the industry, been employed. More experimentation on extrac-
tion methods might also bring up the yields. In general, however, 
certain trends were apparent. Thorne wheat starch yields rose abruptly 
from 2 to 10 days after flowering. From 12 to 16 days there was the 
greatest single increase of the season, there being a more gradual in-
crease from that point up to maturity. From maturity on, the differences 
in yield were probably not significant. 
In the case of Iow:in, the starch yields we· '3 almost doubled in 
going from 10 to 12 days, then there was a sharp increase, almost 
trebled, in going from 16 to 24 days. From 24 days on, the increase 
was very slight. 
Starch yields from Pilot lo, although suffering because of 
damage from Scab, doubled in weight between the 16th and 20th days. 
From then to the 58th day, or maturity, there was an erratic but steady 
increase in weight. There was no significant change thereafter. 
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STUDIES MA.DE 
nalytical s t udies 
Moisture 
After each starch sample had been bottled, it was allowed to 
stand 24 hours for the moisture to come to equil i brium. Moisture was 
then determined by vacumn drying an appr oximate 0 . 2 gram portion (weighed 
to 0 .1 mg.) to constant weight at the t emper atur e of boiling water over 
phosphorus pentoxide in an Abderhalden dryer. I f the moi sture was 
above 13. 5 percent, the entire starch sample was ranoved from its bot-
tle and air-dried longer. 
Nitrogen 
Nitrogen was deterndned by the Kj eldahl- Gunning-Arnold method (1) 
using Winkler' s (28) modificati on. A 1.5 gram sample was placed in a 
Kjeldahl digestion flask. Fifteen to 18 grams of pot assium sulfate, 
o.s gram of mercury and 25 milliliters of s ulfuric ac id were added. 
The mixture was heated gently until cessation of frothing, then boiled 
briskly 1mtil colorless. Boiling was continued for atout 45 minutes 
longer to insure complete oxidation. Flask and contents were then 
cooled, 200 milliliters of water, about 0 .5 gram of zinc, and 25 milli-
liters of 4 percent potassium sulfide added. This mixture was made 
strongly alkaline with sodium hydroxide solution and distilled into 25 
milliliters of 4 percent boric acid solution. Disti llation was stopped 
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after 120 to 150 milliliters of liquid had distilled over. The con-
tents of the receiving vessel were titrated with standard hydrochloric 
acid solution, using a mixed indicator of brom cresol green and methyl 
red. From the amount of standard acid required, percentage of nitrogen 
was calculated. 
Phosphorus 
Phosphorus in the starch samples was determined colorimetrically 
by an improved Dm.igts method for phosphorus and arsenic (12). 
A 3-milliliter portion of 5 percent magnesium nitrate solution 
was added to 100 milligrams of starch previously weighed into a porce-
lain crucible. The sample was heated slowly on a hot pl.ate, allowed to 
evaporate and c bar, then placed in a muffle, heated to 1100 ° F. (;!:50), 
held for one hour at this temperature and ranoved from the furnace to 
cool. Ash was moistened with 2 to 3 milliliters distilled water, 2 
milliliters of 10-normal sulfuric acid added, and the whole transferred 
quantitatively to a 50 milliliter volumetric fia s;{. 
A 0.015 milligram phosphorus standard was prepared by pouring 
3 milliliters of potassium acid phosphate solution (0.02195 gram/liter) 
into a 50 milliliter volumetric flask and adding 2 milliliters of sul-
furic acid. Each flask was then filled 2/3 full with water and 2 milli-
liters of ammonium molybdate solution, (2.5 percent), added. water was 
added almost to the graduation on the neck of the flasks and the con-
tents mixed. A O.l milliliter portion of stannous chloride was added 
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to each flask and mixed immediately. A. blue color was developed. 
Standard and unknown were made up to volume and compued in a color-
imeter. 
% p = 0. 015 x standard reading x 100 
unknown reading x mgm. sample 
Ash was determined by heating 5 .000 gram samples of the starches 
at 700° C. for 5 hours in porcelain annealing cups. Ashes were weighed 
to 0.05 milligram. When the original starch samples were very small, a 
micro method was employed: a 0. 500 gram sample was placed in a cold 
muffle, brought to temperature, cooled, and the ash weighed to 0.001 
milligram on a micro balance. The micro method had previously been 
checked against the macro method. 
Analytical Data 
Moisture, nitrogen, phosphorus and ash detE mina.ti ons are re-
corded in Table III for all samples except Thorne two days after polli-
nation. That sample was too small for complete analysis. 
Thorne wheat starch at 8 and 10 days and Iowin wheat starch at 
10 and 12 days had high nitrogen contents. Since much difficulty was 
encountered in trying to separate the abun:iance of chlorophyll from 
these starches, it seems logical to assume that the presence of traces 
of chlorophyll accolll'lted for the high nitrogen. The rest of the samples 




Analysis of starch prepared from wheat 
kernels at various stages of development and maturity 
Days 
After % % on Moisture Free Basis 
Varietz Pollina ti on Moisture Nitro~en Phos;ehorus Ash 
Thorne 8 ll.8 0.19 
10 12.0 0.16 
12 12.8 0.04 0.059 0.13 
16 12.s 0.04 0.059 0.16 
20 12.8 0.07 0.064 0 .18 
25 13.2 0.04 0.067 0 .18 
32 12.2 o.os 0.074 0 .19 
41 13.0 0.04 0.066 0.14 
48 ll.9 0.04 0.069 0.16 
55 ll.7 0.04 0.069 0 .15 
Iowin 10 12.6 0.38 
12 12.5 0.59 
16 12.7 0.05 0.073 0.15 
24 13.5 0.04 0.068 0. 14 
32 ll.6 o.os 0.071 0 . 17 
41 n.8 0.04 0.067 0 . 12 
48 12.9 0.04 0.064 0 .15 
55 ll.7 0.05 0.067 0.15 
Pilot 15 16 11.4 0.05 0.045 0.12 
20 11.s 0.04 0.056 0 .13 
24 ll.9 0.05 ).062 0. 15 
28 12.4 0.04 0.064 0 . 12 
32 12.2 0.04 0.060 0 .1s 
38 11.5 0.04 0.064 0.14 
46 11.6 o.os 0.069 0 .14 
53 12.1 0.04 0.065 0 .12 
60 15.S 0 .04 0.068 0 .16 
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There were no significant trends or varietal differences in the 
phosphorus or ash contents. Due to contamination by chlorophyll, the 
first two samples of Thorne and Iowin starches were not analyzed for 
phosphorus and ash. 
Viscometric Studies 
Method 
Viscosities of the starch pastes were determined at 90° c. in a 
Stormer viscometer using a 100 gram weight. Pastes were prepared by 
adding a weighed quantity of water to ms.ke a 2 percent starch suspension. 
Five minutes after addition of the water, the suspension, in a 250 milli-
liter Erlenmeyer flask, was introduced into a boiling water bath where 
it was held, with occasional swirling, for exactly 10 minutes. The 
paste was then transferred to the viscometer cup, and adjusted to tem-
perature. The first reading was taken exactly 5 minutes after removal 
of the paste from the bath. Ten subsequent readings were taken at 
intervals of one minute each. Readings were detennined for distilled 
water under the same conditions, and relative viscosity of starch was 
calcul.a.ted thus: 
Relative viscosity = Reading for starch 
Reading for water 
At no time were there any appreciable differences among readings 
for a given starch. Readings can be reproduced to plus or minus 0.2 




Viscosity data for the starches are tabulated in Table IV. The 
data in the first, third and fifth columns are in terms of actual 
seconds required for the cyliroer of a Stormer viscometer to make a 
given number of revolutions. Data in the second, fourth and sixth 
columns represent rel.a tive viscosity. There were no significant 




















Viscosity of starch prepared from wheat kernels 
at various stages of development and maturation 
Thorne Iowin Pilot 15 
Reading Rel.a- Reading Rela- Reading Rela-
in tive Vis- in tive Vis- in tive Vis-
Seconds cositz Seconds cositz Seconds cositz 
7.14 1.40 
7.09 1.59 6.99 1.57 6.99 1.57 
6.99 1.57 6.99 1.57 
6.99 1.57 7.09 1.59 
6.99 1.57 
7 .04 1.58 
7.04 1.58 6.99 1.57 6.99 1.57 
6.99 1.57 
6.94 1.56 6.99 1.57 
7.04 1.58 
7.04 1.58 6.99 1.57 
6.65 1.50 




Miera;; copic Studies 
Sectioning of Kernels 
Kernels were dropped into 50 percent alcohol until ready for 
sectioning. Longitudinal and transverse sections were ms.de by means 
of a scalpel. Sections were washed in water by swirling gently in a 
Syracuse watch glass. Material was then stained with iodine on a 
slide and observed beneath a lowpowermicroscope using direct illumina-
tion. Location of the starch in the kernel was noted. 
Granule Size Measurements 
Slides were preµi.red by dispersing a snall amount of starch 
in a droplet of water on the slide, then carefully mixing in a drop 
of glycerol with the water to retard evaporation and to prevent 
Brownian movement of the smaller granules. A coverslip was placed on 
the droplet and the slide set aside for several hours or preferably 
overnight to allow the granules to settle to che same plane. 
A Spencer No. 42 petrographic microscope, Spencer filar 
micrometer eyepiece, and 20x or 43x objectives were employed for the 
rreasur ement s. 
Six representative fields were chosen on a slide. In each 
field the average diameters of the largest and smallest granules were 
measured as well as the diameter of what appeared to be the average 
medium-size granule. 
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Measurement of the smallest granule in each field constituted a 
problem, because it was difficult to distinguish very tiny granules 
from protein particles or certain foreign bodies. Staining with icrline 
was unsatisfactory because very tiny unstained objects appear slightly 
bluish upon focussing, due perhaps to diffraction of the light. Staining, 
moreover, was not readily possible since the granules were mounted in 
glycerol. By staining granules and observing birefringence of granules 
of the same size, it was found that faint, but distinct, crosses were 
visible for granules dovm to o.s micron in diameter. Measurements were 
ma.de, then, only on granules which showed distinct crosses. 
Percent Distribution of Granule Sizes 
Slides prepared for granule measurements were used. The micro-
scopic tools employed were also the same. The number of granules fall-
ing within certain arbitrary size groupings was determined for each 
starch sample. Limits chosen were: small, 0 to ll microns; medium, 
11 to 22 microns; and large, greater than 22 microns in diameter. The 
number of granules in each size group was detemined by bringing the 
calibrated ocular scale to bear over a representative group of 50 gran-
ules and then counting the number falling in each particular size 
category. Several groups of 50 were counted to insure the accuracy of 
the determination. Good checks were obtained. From the counts, per-




Photomicrographs were taken of starch granules from each sample. 
In addition, several samples were photographed between crossed nicol 
prisms to show the characteristic birefringence of starch granules. 
The same slides that were used for granule measurements were 
used for photomicrography. 
Photomicrogr~phs were taken with a Spencer photomicrographic 
camera No. 654, and a Spencer No. 42 petrographic microscope with 45x 
objective and 10.x compensating ocular. The camera bellows was extended 
to give a total magnification of S00x at the film. Illumira tion was 
provided by a 100 watt, US volt projection type lamp, mounted in housing 
model 567, with ground glass filter . 
Hammer Medium Commercial 0rtho film and Eastman Commercial 0rtho 
film were used. Films were developed with Eastman D-11 developer. 
Prints were ma.de on Eastman contact Velox paper and developed with 
Eastnan D-72 developer. 
Microscopic Data 
Microscopic observations of longitudinal and transverse sections 
of kernels of Thorne wheat at 2 and 8 days, and Iowin at 10 days revealed 
some interesting facts. At 2 days all the starch was located in the 
pericarp, there being as yet no endosperm tissues. However, at 8 days 
starch appeared scattered rather abundantly thro'\lfA:lout the endosperm of 
Thorne. The 10 day kernel of IOWin appeared very much like the 8 day 
Thorne kernel. 
54 
In discussing granule size and size distrirution of the prepared 
starches, it is necessary again to emphasize that these properties, like 
the starch yields, must also depend to a certain extent upon the method 
of extraction. That is, some of the small granules would inevitably be 
lost into the 11gluten11 fraction during the centrifuging process, hence 
the size distribution would be altered, especially if the sample con-
ta:ined mostly small gran u1e s. The important thing, however, is to know 
the distribution and size change of the starches, as studied, for pur-
poses of correlation with other data. Table V shows granule size range, 
estimated average diameter of the redi um size granules and granule size 
distribution for all starches. 
It is readily seen that the smallest size granule for all 
varieties showed only a very slight increase, if any in diameter size 
through the season. In the case of Thorne, largest granule size in-
creased greatly in going from the second to the eighth day, then in-
creased slowly until a maximum was reached at 16 days, after which there 
was no appreciable change. There was little cha ge in the largest size 
Iowin starch granule from the 10th to 24th day, but there was an in-
crease in diameter size from the 24th to 32nd day after 'Which there 
seemed to be no significant size change trends. Pilot 13 wheat starch 
showed a fairly uniform size range for all samples, 16 to 60 days. 
J,.s regards the estimated average medium-size granule, there was 
a definite size increase in the case of Thorne from 2 to 8 days. For 








Starch granule size and size di. stribution 
in starch samples pre~red from wheat 
kernels at various stages of development and 
maturation 
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Estima t ed Percent age of granules 
Days average f a l ling i nto three 
after Granule size medium-sized size ~o~s 
polli- Range in granule 0-11 11-22 22-
na tion microns in microns Microns Microns Microns 
2 1.1 - 7.8 2.5 100 0 0 
8 2.0 - 29 15 65 55 2 
10 1 . 8 - 50 17 65 55 4 
12 1 . 5 - 54 17 52 52 16 
16 1.8 - 40 19 45 40 15 
20 1 . 2 - 36 16 65 25 10 
25 1.2 - 40 17 77 17 6 
52 1.7 - 37 19 64 25 · 13 
41 1.7 - 41 19 58 21 21 
48 1.5 - 59 19 70 19 11 
55 2.2 - 57 18 60 24 16 
10 1.0 - 35 15 51 44 5 
12 1.0 - 35 15 60 55 5 
16 1.5 - 35 15 64 27 9 
24 1.6 - 36 19 78 12 10 
52 2.1 - 47 22 60 20 20 
41 2.2 - 45 20 55 44 21 
48 1.8 - 40 19 70 19 11 
55 2.2 - 45 18 72 16 12 
16 1.5 - 55 14 48 37 16 
20 1.5 - 37 18 24 58 18 
24 1.1 - 39 19 57 29 14 
28 0.9 - 57 19 82 12 6 
32 1.3 - 37 17 60 28 12 
38 1.8 - 39 17 53 51 16 
46 2.5 - 36 14 50 34 16 
53 2. 2 - 36 16 .ll5 55 24 
60 2. 0 - 56 18 75 16 9 
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Dat a on the percent distribution of granule sizes did not seem 
to follow any particular trend. As has been mentioned, this is under-
stan:iable in light of slight differences in processing losses. 
Photomicrographic data support the observati. ons concerning 
granule size and size distribution. Pictures were also taken between 
crossed nicols at various stages to show that birefringence was clear-
cut throughout the season. 
All pictures were taken at 500 x magnification. 
Figure 1. -- Thorne Jheat Starch 
2 Days After Pollination 
Figure 2. - Thorne Wheat Starch 














Figure 5. - - Thorne Wheat Starch 
8 Days After Pollination 
Figure 4. -- Thor ne Wheat Starch 





Figure 5. -- Thorner.heat Starch 
10 Days After Pollination 
Figure 6. - Thorne Wheat Starch 
12 Days After Pollination 
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Figure 7. -- Thorne Jheat Starch 
16 Days After Pollination 
Figure 8 . -- Thorne Wheat Starch 




Figure 9. -- Thorne llheat Starch 
25 Days After Pollination 
F~ure 10 . -- Thorne Wheat Starch 
52 Days After Pollination 
Figure 11. - Thorne Wheat Starch 
32 Days After Pollination 
Between x-Nicols 
Figure 12. -- Thorne :~heat Starch 
41 Days After Pollination 
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Figure 15 . - Thorne nheat Starch 
48 Days After Pollination 
Figure 14. - Thorne Wheat Starch 
55 Days After Pollination 
Figure 15 . - Thorne Wheat Starch 
55 Days After Pollination 
Between x-Nicols 
Figure 16 . -- Iowin "Wheat Starch 
10 Days After Pollination 
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F~ure 17. - Iooin Wheat Starch 
10 Days After Pollination 
Between x-Nicols 
Figure 18. -- Iowin Wheat Starch 







Figure 19. -- Iowin eat Starch 
16 Days After Pollinat ion 
Figure 20 . - Iowin Wheat Starch 
24 Days After Pollination 
Figure 21. - Iowin Wheat Starch 
52 Days After Pollination 
Figure 22. - low.in Wheat Starch 




Figure 23 . -- Iowin Wheat Starch 
41 Days After Pollination 
Figure 24. -- Iowin Wheat Starch 
48 Days After Pollination 
' , 
Figure 25. - Iowin 'Jh.eat Starch 
55 Days After Pollination 
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Figure 26. -- I owin heat Starch 
55 Days After Pollination 
Between x-Nicols 
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Figure 27 . -- Pilot 13 Wheat Starch 
16 Days After Pollination 
Figure 28 . -- Pilot 13 Wheat Starch 
16 Days After Pollination 
Between x-Nicols 
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Figure 29 . -- Pilot 13 fueat Starch 
20 Days After Pollination 
Figure 50 . -- Pilot 15 Wheat Starch 
24 Days After Pollination 
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Figure 51. -- Pilot 15 Wheat Starch 
28 Days After Pollination 
Figure 52. - Pilot 15 ~fueat Starch 
32 Days After Pollination 
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F~ure 33. - Pilot 13 Wheat Starch 
38 Days After Pollination 
Figure 54. -- Pilot 13 Wheat Starch 
58 Days After Pollination 
Between x-Nicols 
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Figure 55. - Pilot 15 Wheat Starch 
46 Days After Pollination 
Figure 56. - Pilot 15 Vmeat Starch 
53 Days After Pollina ti.on 
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Figure 37 . - Pilot 13 VJ.heat Starch 
60 Days After Pollination 
Figure 38 . - Pilot 13 Jheat Starch 




DISCUSSION OF RESULTS 
Thorne wheat kernels contained no starch other than in the peri-
carp at 2 days after pollination, but by 8 days starch was uniformly 
smttered throughout the endosperm. From the abundance of starch, it 
seemed probable that its first appear~ce in the endosperm must have 
been as early as 6 days after pollination, although no material was 
available for checking this assumption. Brenchley (11, 9) noted endo-
s:p9rm starch at 6 days in the case of barley and in 10 days for wheat. 
These studies were made in England, hence clin:a tic differences should 
be considered. 
Starch yields from Thorne, Iowin and Pilot 13 wheats increased 
rather steadily as the season progressed, reaching a maximum at maturity 
after which there were no significant changes. There was a rather 
sharp increase in starch yield between the 16th and 24th days in the 
case of the two hard wheats, Iowin and Pilot 13. A similar increase 
was noted for Thorne, but between the 12th and 16th days. This period 
probably was one of rapid infiltration of reserves into the endosperm. 
Brenchley (9) mentioned a rapid "infilling" of material from 12 to 16 
days after flowering . 
There appeared to be a slight increase in granule size of all 
starches up to about 16 days after pollination (Figs. 1-7, 16-19, 27). 
A size increase would be expected according to the findings of Lampe (16), 
iieler (19), Teller (17) and Reichert(l8) previously described. 
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Young starch granules of Thorne and Iowin wheat starch samples 
appeared very transparent and lacking in detail until about 16 to 20 
days after pollination (Figs. 1, 5, 5-8, 16, 18, 19). Subsequently, tle 
granules took on a denser asi:ect, appearing s0m3wha t rough and not nearly 
so transparent (Figs. 9-15, 20-25). Small indentations appeared on many 
of the granule surfaces (Figs. 21, 25-25) and in some cases lamellati.on 
was fairly prominent (Figs. 21, 25). Both Reichert (18) and Teller (17) 
mentioned the homogeneous appearance of young granules and the eventual 
organization of the granule to form lamellae and hila. Indentations in 
the granule surfaces (Figs. 21, 25-25) are probably due to pressure of 
small granules a gainst the large, when the endosperm cells become 
crowded with starch. 
Starch granules from Pilot 15 wheat at 16 and 20 days were quite 
transparent, but not smooth (Figs. 27, 29). Many of the granule sur-
faces appeared to be made up of shallow folds (Figs. 27, 29). During 
the rest of the season, the starch appeared much like that from the 
other wheats. 
Crescent-shaped granules similar to those described by Teller (17) 
were occasionally observed in all samples, but were most abundant in 
the earliest (Figs. 3, s, 6, 16, 18, 27). In general, the starch gran-
ules throughout the season tended to be lenticular in shape. 
All samples showed clear-cut crosses when viewed between t he 
crossed nicol prisms of a polarizing microscope (11..gs. 2, 4, 11, 15, 
17, 22, 26, 28, 54, 58). Badenhuizen (15) and Lampe (16) were unable 
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to detect birefringence in young starch granules of Narcissus tazetta 
and corn, respectively, but Young (14) observed crosses in young 
starch granules in the leucoplasts of Phaseolus vulgaris and Evans (23} 
reported clear-cut birefringence for corn starch throughout the season. 
It seems probable that Badenhuizen and Lampe did not have proper light-
ing, since a powerful source of illumination is needed for the observa-
tion of birefringence in minute granules. 
Young starch granules, in wheat endosperm as early as 8 days 
after pollination, stained blue with iodine. This is in agreement 
with the findings of Ba.denhuizen who observed s :i.milar staining of young 
granules of Narcissus tazetta, but is contrary to statements nade by 
Maige (32) who claimed that very young granules stain red . 
In the present study, there were no significant changes in vis-
cosities of the starch pastes as the season progressed. Likewise, 
there were no appreciable differences between the viscosities of the 
starches of the three comnercial classes of wheat studied. Rask and 
Alsberg (4) reported higher viscosity for winter heat starch pastes 
than those of spring wheat, and Alsberg (31) observed that the vis-
cosity of wheat starch varies with the kind of wheat. The latter sug-
gested that granule size differences, such as found by Buchanan and 
Nau:l.ain (7) for various kinds of wheat starches, might explain varietal 
differences in viscosity. Size and number of swollen granules were 
considered by Furry (5) to have a strong influence on starch paste 
viscosity, especially in view of Sprockhoff and Parlow's (33) ob-
servation tri.at small potato starch granules give pastes with higher 
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viscosity than is exhibited by pastes of large granules • 
.tccording to data obtained in the present work, however, there 
were no viscosity changes, while there were rather sharp differences 
in percentage distribution of small and large granules in some of the 
samples (Figs. 29, 31 and Tables IV, V). 
No significant trends or changes were observed in nitrogen, 
phosphorus and ash content of the starches. In view of the fact 
that there were no changes in either viscosity or phosphorus content, 
no definite conclusions could be drawn from these data concerning the 
effect of phosphorus upon the swelling of starch granules. 
Several authors, Fernbach (29), Samec (25), etc., have stated 
that small or young starch granules contain more phosphorus than those 
which are larger or older. Others, as Evans and Briggs (22) and Stam-
berg and Bailey (6) have found no relationship between granule size 
and phosphorus content. Results of the present work coincide with the 
latter point of view. Phosphorus content of the granules did not 
change appreciably throughout the season, while t he percentage of 
large granules tended to increase as the season advanced. In same 
nearly mature samples, large numbers of snall granules were present, 
probably due to minor, unrecognized variations in processing procedure, 
but even in these instances the phosphorus content ranained the same 
as in samples containing high percentages of large granules (Tables 
III, V) . 
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Similarly, no support was found for Samec 1 s (25) hypothesis that 
nitrogen is contained in the outer granule layers and varies, therefore, 
with granule size for a given weight of starch. Variations in nitrogen 
content of starches obtained during the present study reflected pro-
cessing difficulties rather than being correlated with state of matura-
tion. Mangels (2) also found the nitrogen content of extracted wheat 
starch to depend upon the ease of its separation from protein. 
Tentatively, from the present data, the hypothesis of grovth by 
apposition seems more logical than that of growth by intussusception. 
The great increase in granule size observed during the grovd.ng season 
would undoubtedly cause tremendous structural strain if it were accom-
plished by intussu.sception. Granules broken during extraction, how-
ever, show no evidence of the existence of such a strain, nor is it 
indicated by differences in the course of gelatinization of large and 
small granules. 
If growth by apposition be accepted, it must be concl 1.rled that 
the material deposited is of approximately consu 1t composition through-
out the gra.ring season, since phosphorus and nitrogen contents did not 
vary significantly with age. 
Unless the folds observed in early samples of Pilot 15 wheat 
starch (Figs. 27, 29) are due to uneven deposition, no evidence was 
obtained to support Teller's (17) observations of large local deposits 
on granule surfaces. Even this series of starches, moreover, exhibited 
few surface irregularities during later stages of maturity. From this 
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it would appear tra t starch deposition is for the most part uniform over 
much, if not all, of the wheat starch granule surface. 
Since nitrogen, phosphorus arrl viscosity of wheat starch granules 
do not change greatly during maturation, it follows that immature starches 
could be used for the same purposes as mature starches. From the stand-
point of yield, use of imnature starch from damaged wheat would be 
feasible., not earlier than one to two weeks before normal harvest, and 
probably only when starch shortages threaten, or when large-scale crop 
damage might make such utilization desirable. 
Certain technical difficulties might have to be overcome in har-
vesting, handling and processing the grain. These problems are, however, 
outside the scope of the presmt work. 
SUMMARY 
Starch samples were prepared from hard red winter, hard red 
spring and soft red winter wheats at various stages during the devel-
opment and maturation of the grain. Chemical and physical properties 
of the prepared starches were studied. Photomicrographs were taken 
of all starches. 
Thorne v.iheat kernels contained no starch except in the pericarp 
at 2 days after pollination. 
Thorne and Iowin wheats, as early as 8 am 10 days after flower-
ing had starch scattered unifonnly throughout the endooperm. 
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Starch yields from Thon1e, Iowin and Pilot 13 wheats increased 
rather steadily as the season progressed, reaching a maximum at maturity 
after -which there were no significant changes. 
Starch granule size increased steadily for the first 16 to 20 
days following pollination, after which there appeared to be little 
change. No significant varietal differences were evident. 
Starch granules appeared more transparent the first 16 to 20 
days after pollination than later. 
All starches showed well-defined crosses between crossed nicol 
prisms in a polarizing microscope. 
Young endosperm starch granules, 8 days after pollination, 
stained blue with iodine, rather than red as has been stated in th~ 
literature. 
Viscosity did not change as the season progressed, nor were any 
varietal differences apparent. 
No correlation could be seen between granule size and viscosity. 
Nitrogen, phosphorus and ash contents of the s arches were 
essentially the same throughout the season. No varietal differences 
were apparent. 
Large and small granules contained the same rel.a tive amounts of 
nitrogen, phosphorus and ash. 
Since neither phosphorus content nor viscosity changed during 
the season, the role of phosphorus in the starch granule swelling pro-
cess could not be ascertained. 
From data obtained, growth of granules by 11appositionn seems 
more logical than growth by 11intussusception." 
On the basis of experime:ital data, it has been suggested that 
when economicalzy feasible, it would probably be possible to utilize 
innnature damaged wheat for starch production. 
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